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Introduction
Primary hyperparathyroidism (PHPT) is the third most
frequent disease among the endocrine disorders, with a
prevalence of 1-3% in western countries. Moreover, it is
the commonest cause of hypercalcemia (1-4). Nowadays,
the PHPT is diagnosed increasingly due to the improve-
ment of biochemical test; it allowed the precocious dia-
gnosis and the identification of asymptomatic patients (5,
6). Conventional bilateral neck exploration remains the
reference surgical technique, although the hyperproduc-
tion of the parathyroid hormone (PTH) is due to a sin-
gle hyperfunctioning gland (most frequently a parathy-
roid adenoma) in a high percentage (70-95%) of cases.
It could allow to perform a minimally invasive “focused”
approach if the preoperative diagnosis of localization is not
doubtful, especially in the presence of two concordant ima-
ging procedures, such as ultrasounds (US) and 99mTc-
Sestamibi Scintigraphy (MIBI) (2, 7-11). This focused ap-
proach can be performed under general as well as local anae-
sthesia and it is widely accepted for the sporadic, non-he-
reditary, uni-focal form (4). The goal of a minimally in-
vasive approach can also be reached with the minimally
invasive video-assisted parathyroidectomy (MIVAP),
which is an adaptation of the mini-incision cervical pro-
cedures to the video-assisted gasless techniques (9, 12, 13).
It allows to carry out the parathyroidectomy with even
smaller incisions and it assures, at the same time, a wide
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Background. Primary hyperparathyroidism (PHPT) origins from
a solitary adenoma in 70- 95% of cases. Moreover, the advances in
methods for localizing an abnormal parathyroid gland made mini-
mally invasive techniques more prominent. This study presents a mi-
cro-cost analysis of two parathyroidectomy techniques.
Patients and methods. 72 consecutive patients who underwent
minimally invasive parathyroidectomy, video-assisted (MIVAP, group
A, 52 patients) or "open" under local anaesthesia (OMIP, group B, 20
patients) for PHPT were reviewed. Operating room, consumable,
anaesthesia, maintenance costs, equipment depreciation and sur-
geons/anaesthesiologists fees were evaluated. The patient's satisfaction
and the rate of conversion to conventional parathyroidectomy were in-
vestigated. T-Student's, Kolmogorov-Smirnov tests and Odds Ratio
were used for statistical analysis. 
Results. 1 patient of the group A and 2 of the group B were exclu-
ded from the cost analysis because of the conversion to the conventional
technique. Concerning the remnant patients, the overall average costs
were: for Operative Room, 1186,69 € for the MIVAP group (51 pa-
tients) and 836,11 € for the OMIP group (p<0,001); for the Team,
122,93 € (group A) and 90,02 € (group B) (p<0,001); the other ope-
rative costs were 1388,32 € (group A) and 928,23 € (group B)
(p<0,001). The patient's satisfaction was very strongly in favour of the
group B (Odds Ratio 20,5 with a 95% confidence interval).
Conclusions. MIVAP is more expensive compared to the "open"
parathyroidectomy under local anaesthesia due to the costs of general
anaesthesia and the longer operative time. Moreover, the patients ge-
nerally prefer the local anaesthesia. Nevertheless, the rate of conversion
to the conventional parathyroidectomy was relevant in the group of the
local anaesthesia compared to the MIVAP, since the latter allows a
four-gland exploration.  
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four-gland exploration similar to that of the conventio-
nal procedure (14). Parallel to the improvement of the sur-
gical techniques, another tool that can optimize the re-
sults of a parathyroid excision is the intraoperative pa-
rathormone assay (ioPTH). Since it have been first de-
scribed, during the early nineties, it resulted in an im-
provement of the cure rate of hyperparathyroidism over
95% of procedures (15-18). 
The present study has been performed with the
main goal of evaluating the difference in terms of hospi-
talization costs of the two minimally invasive procedures
carried out at our Institution, the minimally invasive “fo-
cused” open parathyroidectomy (MIP) under local anae-
sthesia and the minimally invasive video assisted pa-
rathyroidectomy (MIVAP) through a micro-costing
method (19). It should underlined that the Italian
Healthcare System is based on Diagnosis Related Grou-
ps (DRGs) System (20) adopded in accordance with the
specific regional governance, that established a reimbur-
sement of 2.926 Euros for each DRG 289 (parathyroid
surgical procedures) (Decree May, the 14th, 2013).
Moreover, we investigated the patient’s satisfaction and
the conversion rate to conventional parathyroidectomy in
the two groups of patients.
Patients and methods
This retrospective study concerned 72 consecutive pa-
tients suffering from a PHPT and consecutively enrolled
at our institution from 2006 to 2015. The patients had
at least one localization exam in which the site of the en-
larged parathyroid was clear, concerning at least the side
(left/right) of the enlarged gland. The diagnostic workup
excluded a coexistent thyroid disease and it was clearly gui-
ding for uni-glandular disease. Therefore, the patients with
thyroid disease requiring simultaneous surgery, the mul-
tiglandular disease, the biochemical hyperparathyroidism
in absence of diagnostic localization, the extra-cervical pa-
rathyroid localizations, the patients in which the diagnosis
was done during the neck exploration for a thyroid disease,
the parathyroid malignancies and the secondary hyper-
parathyroidism were excluded from the study. 
The diagnosis of PHPT was biological and included
a preoperative Calcium>10.5mg/dl and/or a
PTH>72pg/ml. All the patients with a calcium and/or a
PTH over the normal range underwent neck US explo-
ration that was performed by an endocrinologist expe-
rienced in endocrine neck ultrasounds and repeated by a
surgeon also experienced in neck ultrasonic imaging. This
exam was carried out with an ultrasound device endowed
with a 7,5-10 MHz linear probe. The typical findings in-
dicative of a parathyroid adenoma were a strongly hy-
poechoic oval focal lesion sited behind the posterior edge
of the thyroid gland or caudal the lower pole of the gland.
The vascular pattern could show in some cases a soft in-
tralesional and peripheral signal. The first image is typi-
cally associated with an adenoma of the superior pa-
rathyroid gland (PIV), the second one could represent an
inferior parathyroid adenoma (PIII) as well as a superior
one migrated lower down. In this case, the differential dia-
gnosis should be done in view of the position (anterior that
mean PIII, or posterior, for PIV). The MIBI was perfor-
med using a single tracer, double phase protocol, with dose
of 10 mCi of 99mTc-MIBI injected 15 minutes (early
scan) ad 120 minutes (late scan) before the planar ac-
quisition of the images of the  head, neck and mediasti-
num. The late acquisition showed the washout of the ra-
dioactive tracer from the thyroid and the persistent pa-
rathyroid image. 
The patients in which the diagnostic workup steered
clearly into a single enlarged orthotopic PIII (in particu-
lar, if US and MIBI were concordant) were scheduled for
OMIP technique carried out under local anaesthesia. In
the patients in which the diagnosis was unclear in terms
of site of enlarged parathyroid gland (US and MIBI non
concordant or one of the two imaging techniques non-
diagnostic), or in the cases in which the preoperative dia-
gnosis steered clearly into a PIV, that is deep and poste-
riorly sited as regards as the inferior laryngeal nerve clo-
se to its access into the larynx, we preferred the MIVAP
technique, owing to the opportunity of a complete ex-
ploration of the thyroid cavity, that could be bilateral in
case of need. 
Surgical techniques
The OMIP is a well-known surgical technique that can
be easily performed under loco-regional or local anaesthesia.
Some technical details vary by different surgical groups.
In our experience, we usually perform this technique un-
der local anaesthesia and the assistance of an anaesthe-
siologist with the aim of a light intraoperative sedation.
The local anaesthesia is performed just over the enlarged
parathyroid gland, identified with a preoperative US, along
a line of 2,5 centimetres. The incision is done overlying
the anterior border of the sternocleidomastoid muscle
(SCM). After the superficial cervical fascia has been pre-
pared, the anterior border of the SCM is separated from
the lateral border of the strap muscle, then the superficial
component (sternohyoid muscle) is retracted medially, on
the contrary the deep component (sternothyroid muscle)
is retracted laterally: then, this “zig-zag” access allows to
reach the gland head-on. Once the recurrent laryngeal ner-
ve (ILN) has been identified, the parathyroid gland can
be separated and removed. This technique is easy and safe
for enlarged orthotopic PIII, because of its superficial po-
sition above the ILN. In case of a deep PIV it is difficult
to carry out and, in our opinion, unsafe.
The MIVAP is a step forward compared to the con-
ventional cervical exploration. In fact, its central approach
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is similar and it allows to perform an excision of a pa-
rathyroid gland wherever it is sited.  Under general anae-
sthesia, a 1,5 cm median longitudinal incision is perfor-
med 2 centimetres above the sternal notch, the preparation
of the skin flap is moderate, the linea alba is sectioned for
3-4 centimetres in length. Once the thyroid is visualized,
the lobe correspondent to the enlarged parathyroid gland
is retracted medially, the skin and the strap muscle re-
tracted laterally after its dissection from the thyroid lobe.
A 30°, 5 mm endoscope is inserted through the incision
for exploring the space created with the dissection and
the retraction. A dissection of the soft tissues hiding the
ILN and the parathyroid glands is carried out with de-
dicated thin spatulas, scissors and aspirators. Once the en-
larged gland is identified and prepared, it can be excised
with a ligature. We do not use the energy-based surgi-
cal device (21) usually adopted for MIVAT. The crite-
ria that led to perform one of the two procedures were
the localization of the enlarged gland and the patient’s
choice. We excluded from the OMIP procedure under
local anaesthesia the PIV, because of its depth and its po-
sition behind the access of the recurrent laryngeal nerve
into the larynx. Once it was clarified that the enlarged
gland was a PIII in an orthotopic position, we asked the
patients which type of anaesthesia they preferred. The pa-
tients that liked better the general anaesthesia un-
derwent always MIVAP.  In both cases, the intraopera-
tive monitoring of PTH changes during and after the re-
moval of the enlarged gland is always performed at our
institution (ioPTH). The standard sampling is a four-step
curve (anaesthesia induction; gland manipulation; 5 mi-
nutes after the gland removal; 20 minutes after the gland
removal). A PTH drop ≥ 50% in at least one value af-
ter the removal and at hall events under the threshold li-
miting value (65 pg/ml) is considered successful.
Cost analysis
With the aim to assess the differences in economic im-
pact of both procedures, we used a micro-costing bottom-
up method, which is the direct sum of every input con-
sumed during the pathway of each patient, from the ho-
spital enrolment to the first clinical examination after the
discharge (19). The Table 1 summarizes the variable and
fixed costs of each item and the respective sources. Con-
cerning the item “operating room”, we referred to the Ho-
spital accounting for the total amount and compared the-
se results to the assessments of Macario (23).
We should underline that the costs of preoperative dia-
gnostic exams (US, MIBI), that have been regularly perfor-
med in each patient enrolled, are not considered in this
list because these were carried in an outpatient manage-
ment model. At last, we compared our hospitalization cost
with the Sicilian tariff corresponding to the DRG 289.
Patient’s satisfaction and conversion rate
We evaluated the overall patient’s satisfaction with a
Visual Analog 1-10 Scale (VAS) recorded at the first po-
stoperative day. It concerned the entire anaesthetic and
surgical experience of the patients that were questioned
concerning their general feeling of postoperative comfort.
Statistical analysis
With the aim of verifying if the differences in terms
of costs between the two procedures were casual or not,
the variable costs of the two groups were compared with
the T-Student’s test and the Kolmogorov-Smirnov test for
parametric variables.  The comparison of the patient’s sa-
tisfaction was performed by calculating the Odds Ratio.
The data were collected in a dedicated database (Mi-
crosoft Excel®, Microsoft Corporation, WA, USA).
Results
1 patient of the MIVAP group and 2 patients of the
OMIP group have been converted to the conventional te-
chnique due to the inefficacious exploration with the mi-
nimally invasive procedure. Then the cost analysis con-
63
Comparison of minimally invasive parathyroidectomy under local anaesthesia and minimally invasive 
video-assisted parathyroidectomy for primary hyperparathyroidism: a cost analysis
TABLE 1 - UNIT COSTS AND SOURCES.
(1) This cost is calculated on the basis of the hourly cost of the operative room. 
(2) This cost is calculated according to the hourly pay (nominal gross wage/152) of two surgeons + one anesthesiologist.
(3) Consumable, anesthesia, maintenance costs, equipment depreciation.
(4) Pre- and intraoperative routinary laboratory tests, chest X-ray, ECG, other medical examinations (including ioPTH and postopera-
tive calcemia dosage).
*Supplementary program for medical care, integrated with the national health sevice (SSN) (22). 
Item Data source
Operating Room (1) Hospital accounting  in comparison with ref. n. 23
Team (2) Current Italian Wage Agreement 
Other operative costs (3) Hospital accounting
Hospital stay (two days) FASDAC* price list, spending document 1/1/2014
Pre- and postoperative diagnostic tests (4) FASDAC* price list, spending document 1/1/2014
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cerned 51 patients that underwent MIVAP and 18 patients
of the OMIP group.
Assuming that no patient was admitted to hospital befo-
re the day in which the surgical procedure was program-
med, and that the hospital stay for each patient was 2 po-
stoperative days, according to the available data, deduced
from the FASDAC price list, the fixed cost of hospital stay
was 560 Euros.  By calculating the costs of the each rou-
tinary exam (laboratory tests, ECG, chest X-ray) from the
same source, the total amount of the pre-, intra- and po-
stoperative workup, including ioPTH dosage, the po-
stoperative calcemia and other medical complementary exa-
mination could be fixed in 300 Euros. The Table 2 sum-
marizes the variable costs and shows the high significan-
ce in the cost differences in favor of the OMIP compa-
red to the MIVAP.
Concerning the item “team” we would underline that
only the medical professionals (2 surgeons and 1 anae-
sthesiologist) were calculated. Other professionals (nur-
ses, technicians, etc.) costs are included in the hourly co-
sts of the operating room. The “other operative costs” in-
clude the equipment depreciation, that concerns the la-
paroscopic equipment only for the MIVAP procedure.
The Figure 1 summarizes the impact of each item in
the total cost of each procedure. Moreover, both proce-
dures are compared to the Sicilian DRG tariff. The MI-
VAP procedure performed under general anaesthesia was
more expensive compared to the OMIP under local anae-
sthesia. These differences are very likely attributable to the
operative time, the consumable and anaesthesia costs, that
were all inferior in the OMIP procedure.
The Figure 2 represents in three box-plot graphics the
comparison of the costs in the two techniques concerning
the specific items “operating room”, “team” and “other
operative costs”.
The patient’s satisfaction resulted excellent for 10 pa-
tients and fair for 41 of the MIVAP group; excellent for
15 and fair for 3 patients of the OMIP group (Odds Ra-
tio 20,5 with a confidence interval of 95% in favour of
the OMIP group, p<0,001).
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TABLE 2 - VARIABLE COSTS.
Item MIVAP costs, Euros OMIP costs, Euros p-value
(51 patients) (18 patients)
Operating room 1186,69±266,07 836,11±186,71 <0,001
Team 122,93±29,24 90,02±18,50 <0,001 KS=0,00004
Other operative costs 1388,32±295,48 928,23±205,17 <0,001 KS=0,00000026
Fig. 1 - Impact of the single
items in the total costs of
each procedure and compa-
rison of these costs to the
DRG tariff in Sicily.
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Discussion
As showed elsewhere (24), the present study confir-
med that the OMIP, especially if performed under local
anaesthesia, is a cost saving procedure compared to the MI-
VAP. Moreover, the OMIP on the contrary of the MI-
VAP is slightly cheaper compared to the provided reim-
bursement of the DRG tariff of the Regional Healthca-
re System of the Sicily. Although, our data need some spe-
cifications: first of all, in our workup we performed regularly
two localization imaging exams (US and MIBI) that can
be unnecessary in some cases and, on the contrary, even
insufficient in other occurrences. In fact, the MIVAP is
a technique that allows a wide, bilateral neck exploration,
similar to that the conventional procedure at least for pa-
rathyroids kept in the neck and it is also indicated for the
treatment of multiglandular disease (9). In this perspec-
tive, a clear result from a single technique of localization
can be satisfying, moreover it could be proposed even for
a four-gland neck exploration for primary hyperpa-
rathyroidism of unlocated origin. On the contrary, the
preoperative imaging can result in a failure because of spe-
cific reasons concerning each diagnostic technique. The
success of US depends on the skill and experience of the
operator; moreover it is limited in obese patients, in looking
for small glands, in the already operated neck, in non-ty-
pical parathyroid localization (retrotracheal, retroe-
sophageal, in a para-carotid position in the carotid
sheath, submandibular), in concomitant thyroid nodu-
les and in multiglandular disease (25). The MIBI can be
unsuccessful because of a low retention of the radioacti-
ve tracer in the enlarged parathyroid gland or hyperpla-
sia. The two exams in combination reach a 95% of sen-
sitivity, but there are some case of silent imaging (26). More
advanced imaging techniques can be useful in some cir-
cumstances: the Multiphase Computed Tomography is
a well-detailed diagnostic tool, the results of which are still
under evaluation (27); the Magnetic Resonance Imaging
can help in the localization of mediastinal parathyroid (26).
Other advanced diagnostic methods, such as the 18F-fluo-
rodeoxyglucose, 11C-methionine and the 8F-fluoro-
choline-PET/CT have been studied with debated result,
and only the last one showed, in a pilot study, encoura-
ging results (28) and, in any case, these are costly and not
widely diffused tools. Due to the uncertainty of the preo-
perative diagnostic imaging, some intraoperative tools have
been proposed for improving the diagnostic performan-
ce and the cure rate of the PHPT. The ioPTH is the most
diffused tool, able in increasing the safety in the intrao-
perative recognition of the hyperfunctioning parathyroid(s)
gland(s) if performed according to the available criteria
for successful parathyroidectomy (18, 26). However, the
efficacy and the cost-benefits of this tool if constantly ap-
plied are still controversial (29, 30), as well as for the in-
traoperative nuclear medicine imaging (31). Concerning
the OMIP under local anaesthesia, although it is indica-
ted in the excision of any enlarged parathyroid gland, it
requires an intimate knowledge of the anatomic origin and
location of the superior gland compared to the inferior one,
their relation with the recurrent laryngeal nerve and the
possible sites in which they can be found. It is our opi-
nion that, with the OMIP technique, the excision of an
enlarged PIII is easier and safer compared to that the PIV.
It is due to the more superficial position of the PIII com-
pared to the recurrent laryngeal nerve. On the contrary,
the access of this nerve into the larynx resides in a more
superficial plane compared to the PIV. Moreover, during
Fig. 2 - Comparison of mean costs of “operating room”, “team” and “other
operative costs” concerning the two procedures.
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an OMIP procedure the traction could be stronger
compared to the MIVAP (24), although no significant dif-
ferences in terms of complications have been showed in
the comparison of the two procedures (9, 24, 32). The-
se are some anatomic pitfalls that led us to prefer to ap-
ply the OMIP only for the excision of an enlarged PIII.
On the other hand, it should be taken into consideration
the preference that the patients showed in favour of a pro-
cedure performed under local anaesthesia. In fact, althou-
gh it is proven that the MIVAT too can be performed un-
der local anaesthesia (24, 26), since it needs a deeper tis-
sue dissection, we prefer the general anaesthesia for perfor-
ming them. In our opinion, the worst feeling of the pa-
tients after a general anaesthesia, which is mainly due to
its common symptoms (shivering, nausea, vomiting, dry
mouth, sore throat, sleepiness, hoarseness) plays a crucial
role, rather than the differences in terms of postoperati-
ve pain, in determining the general preference of the pa-
tients for the local anaesthesia.
Between the 72 patients of the initial group, 1 patient
out of 52 MIVAPs (1,9%) and 2 out 20 OMIPs (10%)
needed a conversion to the conventional procedure, in case
of doubtful relation between the recurrent laryngeal ner-
ve and the enlarged parathyroid gland.
Concerning the comparison of the costs of each te-
chnique of parathyroidectomy with the reimbursement
based on the DRG, as layed down by the Regional adap-
tation of the National Healthcare System, it is clear that
the majority of endocrine neck procedure are underfi-
nanced, especially because it does not encourage the in-
troduction of new/alternative surgical techniques, new te-
chnologies, devices, aids (33). It should be hoped to iden-
tify selection strategies of the patients that need some spe-
cific exams or tools in the perspective of curtailing un-
necessary charges. In our specific field, we are convinced
that the hospital stay could be reduced at only one over-
night in a number of cases, given that the management
in one-day surgery and even in day-care surgery have been
proposed (34-36); moreover, we could select the use of
the ioPTH and start to perform some MIVAP procedu-
res under local anaesthesia with the aim of reducing the
specific charges of the general anaesthesia. These measu-
res could increase the number of cases which cost are un-
der the standard value of the reimbursement. In fact, the
DRG system should be considered an iso-resource, all-in-
clusive model. In this perspective, the goal should be the
implementation of “low cost” cases as much as possible
with the aim of spreading the costs of the more expensi-
ve procedures in a wide range of different situations (37).
Different strategic measures can be called into question:
systematic assessments for improving the efficiency and,
at the same time, for reducing the waste of unnecessary
tools; implementation of case-selected clinical pathways.
In this perspective, the diffusion of high volume surgical
units for a narrow range of diseases could improve the out-
comes while reducing the costs (38).
Conclusions
The two techniques of parathyroidectomy evaluated
in the present study are widely validated procedures that
showed to be safe and effective.
The higher costs of the MIVAP is justified because it
allows a wide exploration of the neck, similar to that the
conventional procedure and, probably, the availability of
two concordant imaging exams is not mandatory for perfor-
ming them. On the other hand, the OMIP showed a wide
tolerability when performed under local anaesthesia. At
present, this is a cost-saving procedure that meets the cri-
teria stated in our protocols (orthotopic PIII, two imaging
exams concordant, no concomitant thyroid disease) only
in a minority of cases and that showed a high rate of con-
version to the conventional procedure. Further studies are
needed for evaluating if some items, usually carried out
in our routine, can be avoided with the aim of getting ready
less expensive clinical pathways that came close to the
amount reimbursed from the Public healthcare System.
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